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FLAT DISPLAY APPARATUS AND INTEGRATED CIRCUIT 

BACKGROUND OF THE INVENTION 
Technical Field 

The present invention relates to a flat display apparatus and an 
integrated circuit and can be applied to, for example, liquid crystal display 
apparatus in which drive circuitry is integrally formed on an insulating 
substrate. In the present invention, processing results from a circuit block 
on the side of a higher power supply voltage is inputted to the side of a lower 
power supply voltage through active elements performing on-off operation 
complementarily, and the output of these active elements is set to a 
predetermined level by the fall of the power supply voltage on the higher side 
thereof, which can further reduce power consumption in the deep-standby 
mode or the like. 

Background Art 

In recent years, in a liquid crystal display apparatus that is a flat 
display apparatus applied to a mobile terminal device such as a mobile 
telephone, for example, there has been provided the one in which a drive 
circuit of a liquid crystal display panel such as a horizontal drive circuit and a 
vertical drive circuit is combined and integrated on a glass substrate which 
is an insulating substrate making up the liquid crystal display panel. 

More specifically, in this type of liquid crystal display apparatus, a 
display unit is formed by arranging, in a matrix, pixels each composed of a 
liquid crystal cell, a polysilicon TFT (Thin Film Transistor) which is a switching 
element of this liquid crystal cell and a storage capacitor. In the liquid crystal 
display apparatus, the respective pixels of the display unit formed in this 
manner are sequentially selected on a line basis by the driving of gate lines 
by the vertical drive circuit Furthermore, gradation data indicating the 
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gradation of the respect pixels is sampled sequentially and circularly by the 
horizontal drive circuit to be collected on a line basis, and by driving 
respective signal lines according to a digital-analog conversion result of this 
gradation data, the respective selected pixels are driven by the gate lines 
according to the gradation data, thereby displaying a desired image. 

In such liquid crystal display apparatus, power supplies required for 
the operation are generated from power supplied externally, in a DC-DC 
converter, which is a part of the drive circuit provided in the vicinity of the 
display unit and the resultant power supplies of a plurality of systems enable 
the operation. Specifically, the apparatus is arranged such that, for example, 
a power supply of 64V 16V and a power supply of 3 rv1 3V are generated 
from a power supply of 3~fVJ3V that is supplied externally, and these power 
supplies of -3^fV}3V, 3-fV}3V, and 6-EVJ6V enable the operation. 

Thus, in this type of liquid crystal display apparatus, for example, as 
shown in Fig. 1, a 6 V-system logic electronic circuit 1 which is a circuit block 
whose power supply voltage is 6-FV 16V allows various types of processing to 
be executed at high speed and according to the results of the high speed 
processing, a 3 V-system logic electronic circuit 2 which is a circuit block 
whose power supply voltage is 3-|¥}3V is driven. 

In a mobile telephone which is one of devices to which this liquid 
crystal display apparatus is applied, for example, as disclosed in Japanese 
Application Publication No. 10-210116, stopping the display of the liquid 
crystal display unit in a standby state prevents wasteful consumption of 
battery. 

Specifically in the mobile telephone, a backlight of the liquid crystal 
display apparatus is turned off by the control of a controller that controls 
overall operation, which reduces power consumption. Furthermore, the 
operation mode of the liquid crystal display apparatus is set to be a so-called 
deep standby mode. 

Here, the deep standby mode is, in the liquid crystal display 
apparatus, an operation mode in which, although the power is supplied 
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externally, by stopping the supply of various clocks as operation references, 
the operation of the drive circuit is stopped. 

More specifically, when the operation of the liquid crystal display 
apparatus is stopped in this manner, the simplest method is a method of 
stopping the supply of power to the liquid crystal display apparatus. 
However, when such stop of the supply of power is executed outside of the 
liquid crystal display apparatus, the configuration becomes complicated for 
that purpose in the mobile telephone. In contrast, while a method of 
shutting off the power supplied externally inside of the liquid crystal display 
apparatus is considered, in this case, the configuration of the active elements 
relating to the control of the power supply is increased in size, which brings 
an increase in size to the shape of the liquid crystal display apparatus itself. 

Therefore, in this type of liquid crystal display apparatus, the deep 
standby mode is provided, in which the supply of clocks is stopped to stop 
the operation and to reduce the power consumption. Furthermore, in this 
deep standby mode, the operation of the DC-DC converter is switched so 
that the lowest power supply voltage in the liquid crystal display apparatus is 
outputted, which prevents through-currents between circuit blocks having 
different power supply voltages. 

More specifically, Fig. 2 is a block diagram showing a configuration of 
a part of a digital-analog conversion circuit in this type of liquid crystal display 
apparatus. In this type of liquid crystal display apparatus, a predetermined 
generation reference voltage is resistively divided by resistances in a 
reference voltage generating circuit to generate a plurality of reference 
voltages. The plurality of reference voltages are selectively outputted 
according to the gradation data to thereby apply digital-analog conversion 
processing to the gradation data, and according to this digital-analog 
processing result, the respective pixels are driven. Furthermore, for 
example, in the case where the pixels are driven by line inversion, the 
polarity of this generation reference voltage is switched on a horizontal 
scanning cycle. 
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Fig. 2 is a diagram showing a circuit block relating to the switching of 
the polarity of the generation reference voltage and the generation of the 
reference voltages in such manners. In the liquid crystal display apparatus, 
various reference signals in sync with the gradation data are processed by a 
circuit block whose power supply voltage is 64V I6V to thereby generate a 
polarity switching signal of the generated reference voltage and this polarity 
switching signal and an inversion signal of the polarity switching signal are 
outputted to a reference voltage generating circuit 5 via buffer circuits 3, 4 
operating by the power supply voltage of 6-fVJ6V. 

The reference voltage generating circuit 5 is a circuit block operating 
by a power supply voltage of 3-fV}3V and by driving switch circuits 6 and 7 
each composed of a CMOS (Complementary Metal Oxide Semiconductor) by 
the output signals of the buffer circuits 3, 4, contact points of the switch 
circuits 6 and 7 are switched complementarily to switch the polarity of the 
generated reference voltage to be outputted to a resistance block 8. Thus, 
in the example as shown in Fig. 2, the generated reference voltage is 
switched between +3-fV}3V and -34VJ3V. 

In the reference voltage generating circuit 5, the resistance block 8 is 
composed of a series circuit of a plurality of resistances and reference 
voltages V1 to V30 is generated by resistively dividing the generated 
reference voltage by this resistance block 8. 

In such a configuration, when the operation of the DC-DC converter 
is simply stopped, the power supply voltage falls to Q-iVlOV in the circuit block 
of the power supply voltage 6-fV]6V, and as a result, the output of the buffer 
circuits 3, 4 is held in a state of falling to Q4VJ0V. In this case, in the switch 
circuits 6, 7 receiving the output of these buffer circuits 3, 4, switch circuits 6A, 
6B, 7A, 7B making up the respective switch circuits 6, 7 are held in an 
on-state, which causes through-currents 16, 17 in the switch circuits 6, 7. 

In this case, also, for the circuit block of the power supply voltage 
{V]3V, by making the power supply fall, through-currents can be prevented. 
However, the fall of the power supply of the circuit block of the power supply 
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ends up shutting off the power supplied to the liquid crystal display 
apparatus itself, which causes problem such as an increase in size of the 
liquid crystal display apparatus as described above. Therefore, in this case, 
the switching of the operation of the DC-DC converter allows the power 
supply of 6~fV}6V to fall to 3-M3V in the liquid crystal display apparatus to 
prevent the through-currents. 

However, even when the power supply of 64V J6V is made to fall to 3- 
W\3V by the switching of the operation of the DC-DC converter in this 
manner, leak current by the power supply voltage eventually 
continues to flow in each active element If such leak current can be 
reduced, the power consumption can be further reduced in the deep standby 
mode. 

DISCLOSURE OF THE INVENTION 

The present invention is achieved in light of the above-described 
points and is intended to propose a flat display apparatus and an integrated 
circuit capable of further reducing power consumption in the deep standby 
mode or the like. 

In order to solve the problems, the present invention is applied to a 
flat display apparatus, wherein a drive circuit has a first circuit block operating 
by a first power supply voltage and a second circuit block that processes 
processing results by the first circuit block and operates by a second power 
supply voltage lower than the first power supply voltage, the second circuit 
block receives the input of one processing result of the first circuit block at 
active elements performing on-off operation complementarily, and the first 
circuit block has a level setting circuit that sets a level of the one processing 
result so as to hold the output of the active elements at a predetermined level 
by the fall of the first power supply voltage. 

According to a configuration of the present invention, when the 
present invention is applied to a flat display apparatus, wherein the drive 



DC357871.DOC 



5 



Application No. 10/563,298 
Mark-up Copy 



Docket No.: SON-3057 



circuit has the first circuit block operating by the first power supply voltage 
and the second circuit block that processes the processing results by the first 
circuit block and operates by the second power supply voltage lower than the 
first power supply voltage, the second circuit block receives the input of one 
processing result of the first circuit block at the active elements performing 
on-off operation complementarily, and the first circuit block has the level 
setting circuit that sets the level of the one processing result so as to hold the 
output of the active elements at the predetermined level by the fall of the first 
power supply voltage. Therefore, by receiving the one processing result of 
the first circuit block at the active elements performing on-off operation 
complementarily, through-currents in the active elements can be prevented 
from occurring, whichever level the first processing result becomes by the fall 
of the first power supply voltage. Furthermore, by having the level setting 
circuit that sets the level of the one processing result so as to hold the output 
of these active elements at the predetermined level, the output level of the 
active elements can be set by this level setting circuit to prevent unintended 
display on a display unit. Thus, according to the configuration of the present 
invention, the first power supply voltage can be completely made to fall while 
preventing various inconveniences, which reduces leak currents in the circuit 
block relating to the first power supply voltage and further reduces power 
consumption as compared with the conventional art. 

Furthermore, the present invention is applied to an integrated circuit, 
wherein a second circuit block receives the input of one processing result of 
a first circuit block at active elements performing on-off operation 
complementarily, and the first circuit block has a level setting circuit that sets 
a level of the one processing result so as to hold the output of the active 
elements at a predetermined level by the fall of the first power supply voltage. 

Thus, according to the present invention, an integrated circuit 
capable of further reducing power consumption in the deep standby mode or 
the like can be provided. 

According to the present invention, the power consumption can be 



DC357871.DOC 



6 



Application No. 10/563,298 
Mark-up Copy 



Docket No.:SON-3057 



further reduced in the deep standby mode or the like. 
BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a block diagram for explaining circuit blocks of different 
power supply voltages. 

Fig. 2 is an electrical schematic diagram for explaining 
through-currents. 

Fig. 3 is a block diagram showing a liquid crystal display apparatus 
according to Embodiment 1 of the present invention. 

Fig. 4 is a block diagram showing a part of a horizontal drive circuit of 
the liquid crystal display apparatus of Fig. 3. 

Fig. 5 is an electrical schematic diagram showing a buffer circuit 
applied to the liquid crystal display apparatus of Fig. 3. 

Fig. 6 is a time chart showing the transition of respective units at the 
time of power supply fall in the buffer circuit of Fig. 5. 

Fig. 7 is a time chart showing the transition of the respective units at 
the time of power supply rise in the buffer circuit of Fig. 5. 

Fig. 8 is a block diagram showing a CS drive circuit of the liquid 
crystal display apparatus of Fig. 3 

Fig. 9 is a block diagram showing a VCOM drive circuit of the liquid 
crystal display apparatus of Fig. 3. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, the embodiments of the present invention are described 
in detail, referring to the drawings as necessary. 

(1) Configuration of Embodiment 

Fig. 3 is a block diagram showing a liquid crystal display apparatus 
according to Embodiment 1 of the present invention. In this liquid crystal 
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display apparatus 11, pixels are each formed of a liquid crystal cell 12, a 
polysilicon TFT 13 which is a switching element of this liquid crystal cell 12, 
and a storage capacitor 14, and these pixels are arranged in a matrix to form 
a display unit 16. In the liquid crystal display apparatus 11, the respective 
pixels forming this display unit 16 are connected to a horizontal drive circuit 
17 and a vertical drive circuit 18 via signal lines LS and gate lines LG, 
respectively, and the pixels are sequentially selected by the driving of the 
gate lines LG by the vertical drive circuit 18 and the gradation of the 
respective pixels is set by a drive signal from the horizontal drive circuit 17, 
so that the liquid crystal display apparatus 11 displays a desired image. 

More specifically, in the liquid crystal display apparatus 11 , into a 
timing generating circuit (TG) 19 are inputted various timing signals, such as 
a master clock in sync with gradation data D1 , a horizontal synchronizing 
signal, and a vertical synchronizing signal and these various timing signals 
are processed, so that the various timing signals required for the operation of 
this liquid crystal display apparatus 11 are outputted. 

The vertical drive circuit 18 drives the respective gate lines LG 
according to the timing signal outputted from the timing generating circuit 19, 
thereby sequentially selecting the pixels on a line base in conjunction with the 
processing in the horizontal drive circuit 17. 

The horizontal drive circuit 17 sequentially and circularly takes in the 
gradation data D1 indicating the gradation of the respective pixels and drives 
the respective signal lines LS, according to the timing signal outputted from 
the timing generating circuit 19. More specifically, in the horizontal drive 
circuit 17, a shift register 20 sequentially and circularly samples the gradation 
data D1, thereby collecting the gradation data on a line basis, and outputting 
the gradation data of one line to a digital-analog conversion circuit (DAC) 21 
at predetermined timing for a horizontal blanking period. 

The digital-analog conversion circuit 21 applies digital-analog 
conversion processing to the gradation data D1 outputted from the shift 
register 21 respectively to output. A buffer circuit unit 22 drives the 
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respective signal lines LS according to the output signal of this digital analog 
conversion circuit 21, so that in the horizontal drive circuit 17, the respective 
pixels of the display unit 16 are driven by the gradation according to the 
gradation data D1 and a desired image is displayed. 

In a CS drive circuit 23 and a VCOM drive circuit 24, for CS wiring 
CS and VCOM wiring VCOM connected to electrodes of the storage 
capacitor 14 and the liquid crystal cell 12 on the side where the TFT 13 is not 
connected, respectively, the potentials of the CS wiring CS and the VCOM 
wiring VCOM are switched on a horizontal scanning cycle, for example. 
Accordingly, in this liquid crystal display apparatus 11, respective electrode 
potentials of the storage capacitor 14 and the liquid crystal cell 12 are 
switched to execute precharge processing, thereby preventing deterioration 
of the respective liquid crystal cells 12. 

A DC-DC converter (DC-DC) 25 generates, from the power supply 
inputted outside of this liquid crystal display apparatus 11, power supplies 
required for the operation of this liquid crystal display apparatus 11 to output.. 
Specifically, as this power supply inputted externally, the power supply of a 
voltage £-fV}3V is applied to the DC-DC converter 25 and the DC-DC 
converter 25 generates power supplies of a voltage 6-P/16V and a voltage -3- 
{V]3V from this power supply of the voltage 3~fVi3V. Thus, in the liquid 
crystal display apparatus 11, the power supplies required for the operation 
are generated from the power supply inputted externally in a built-in power 
supply circuit, so that the liquid crystal display apparatus 11 operates by a 
plurality of power supplies. Furthermore, the DC-DC converter 25 stops the 
operation by switching the operation mode to the deep standby mode by an 
upper controller, and as to the power supplies of the voltage 6-M6V and the 
voltage - 3 rV] 3V, the power supply voltages thereof fall to Q-[VJ0V. In the 
liquid crystal display apparatus 11, as for the power supply of the voltage 3- 
{VJ3V, the power continues to be supplied even in this deep standby mode. 

Fig. 4 is a block diagram showing the digital-analog conversion circuit 
21 together with its peripheral configuration. In this digital-analog 
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conversion circuit 21, a plurality of reference voltages V1 to V30 is generated 
by resistively dividing a generated reference voltage by resistances in a 
reference voltage generating circuit 31 to generate, and these reference 
voltages V1 to V30 are selectively outputted according to the respective 
pieces of the gradation data D1, thereby performing the digital-analog 
processing to the gradation data D1. In the configuration as shown in Fig. 4, 
the same configuration portions as those of the digital-analog conversion 
circuit described above in reference to Fig. 2 are indicated by corresponding 
reference numerals and signs and overlapped description is omitted. 

More specifically, in the reference voltage generating circuit 31, in a 
switch circuit 32, one terminal of a switch circuit 32A and one terminal of a 
switch circuit 32B, which are switched complementarily between on-and 
off-states by the switching signal outputted from the timing generating circuit 
19, are connected to a reference voltage line of a voltage 3-M3V and a 
ground line, respectively, and the other terminals of these switch circuits 32A 
and 32B are connected to one terminal of the resistance block 8. 
Furthermore, in a switch circuit 33, one terminal of a switch circuit 33A and 
one terminal of a switch circuit 33B, which are switched complementarily 
between on-and off-states by an inversion signal of the switching signal 
outputted from the timing generating circuit 19, are connected to a reference 
voltage line of a voltage 3-fV}3V and a ground line, respectively, and the 
other terminals of these switch circuits 33A and 33B are connected to the 
other terminal of the resistance block 8. Thus, the switch circuits 32 and 33 
each select the reference voltage line or the ground line complementarily via 
the switch circuits 32A, 32B and the switch circuits 33A, 33B. 

Accordingly, in the reference voltage generating circuit 31, the 
generated reference voltage applied to the resistance block 8 is switched 
every horizontal scanning period and the generated reference voltage whose 
polarity is switched is resistively divided by the resistance block 8 to 
generate a plurality of reference voltages V1 to V30. 

In the reference voltage generating circuit 31, these switch circuits 
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32A and 33A are each formed of a PMOS transistor, while the switch circuits 
32B and 33B are each composed of an NMOS transistor. Accordingly, each 
of the switch circuits 32, 33 receives the input of one processing result of the 
circuit block at a previous stage via the PMOS transistor and the NMOS 
transistor which are active elements performing on-off operation 
complementarity, and whichever level the input level of the active elements 
becomes by the fall of the power supply voltage of the circuit block at the 
previous stage, through-currents in these active elements can be prevented 
from occurring. 

Furthermore, in the reference voltage generating circuit 31, when the 
switching signal and the inversion signal of the switching signal which are 
outputted from the timing generating circuit 19 are held at in the deep 

standby mode, respectively, the both-terminal potential of the resistance 
block 8 is held at Q-fV]0V to prevent unintended display from appearing on 
the display unit 16. 

Into reference voltage selectors 35 are inputted the reference 
voltages V1 to V30 outputted from the reference voltage generating circuit 31, 
respectively, and these inputted reference voltages V1 to V30 are selectively 
outputted according to the gradation data, so that in this digital-analog 
conversion circuit 21, the digital-analog conversion result of the gradation 
data D1 is outputted. 

Thus, in this liquid crystal display apparatus 11, the respective circuit 
blocks of digital-analog conversion circuit 21 operate by the power supply 
voltage of 3-fV13V, while in the timing generating circuit 19 outputting the 
operation reference of this digital-analog conversion circuit 21, the operation 
is performed by the power supply voltage 64W3V and the switching signal 
and the inversion signal of the switching signal which are the operation 
reference are outputted from the buffer circuits 41 A, 41 B. 

Fig. 5 is an electrical schematic diagram showing a configuration of 
these buffer circuits 41 A, 41 B. Since the buffer circuits 41 A, 41 B are 
configured in the same manner except that the signals to be processed are 
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different, hereinafter, a description of the buffer circuit 41 A is given and 
overlapped description is omitted. 

In the buffer circuit 41 A, a CMOS inverter composed of an NMOS a. 
PMOS transistor Q1 and a-RMGS an NMOS transistor Q2 whose gate and 
drain are commonly connected, respectively, and, similarly, a CMOS inverter 
composed of an NMOS a PMOS transistor Q3 and a-PMQ San NMOS 
transistor Q4 are connected in series, and the output of the CMOS inverter 
composed of the transistors Q3 and Q4 is outputted as the switching signal 
or the inversion signal of the switching signal. In these CMOS inverters, the 
CMOS inverter composed of the transistors Q1 and Q2 at the first stage 
operates by the power supply voltage §-fV}6V, so that when the operation of 
the DC-DC converter 25 is stopped by the deep standby mode, the output 
falls to 0 level. 

In contrast, the inverter composed of the transistors Q3 and Q4 
which outputs to the reference voltage generating circuit 31, by a power 
supply switching circuit 46, operates by the power supply voltage 64VJ6V in a 
normal operation state, while, in the deep standby mode, it operates by the 
power supply voltage 3-fV}3V. Furthermore, a level setting circuit 47 allows 
an input level to be set to an L level in the deep standby mode, by which an 
output level can be held at 34VJ3V. 

More specifically, in the timing generating circuit 19, as indicated by a 
time point t1 in Fig. 6, when the switching of the operation mode to the deep 
standby mode is instructed by the controller, the DC-DC converter 25 stops 
its operation, so that a logical level of a control signal STB outputted from the 
circuit system of the power supply voltage 6-M6V falls ((C) in Fig. 6), and 
then the supply of the gradation data D1 and various reference signals is 
stopped ((A) and (B) in Fig. 6). In this Fig. 6, MCK denotes a master clock 
in sync with the gradation data D1, and Hsync and Vsync denote a horizontal 
synchronizing signal and a vertical synchronizing signal, respectively. 

The power supply switching circuit 46 is arranged so that this control 
signal STB is inputted into an inverter 48 composed of a circuit block of the 
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power supply voltage 6-fV]6y and is supplied to a PMOS an NMOS transistor 
Q5 connecting a power supply line of the inverter composed of the transistors 
Q3 and Q4 and a power supply line of §-[V}6V. Accordingly, when the 
logical level of the control signal STB rises by the normal operation mode, the 
power supply switching circuit 46 holds the transistor Q5 in an on-state to 
hold the power supply voltage of the inverter composed of the transistors Q3 
and Q4 at 64W3V. Furthermore, when the logical level of the control signal 
STB falls by the deep standby mode ((E) in Fig. 6), the power supply 
switching circuit 46 sets the transistor Q5 to an off-state, and cuts off the 
power supply line of the inverter composed of the transistors Q3 and Q4 from 
the power supply line of 64 W3V , which has fallen to Q- MOV . 

Furthermore, in the power supply switching circuit 46, the control 
signal STB is inputted into a level shift circuit 49 composed of a circuit block 
of the power supply voltage 64V16V so that the level of this control signal 
STB is shifted so as to correspond to a circuit block of a power supply 
voltage 34V13V, and this output of this level shift circuit 49 is inputted into a 
buffer circuit 50 composed of the circuit block of the power supply voltage 
{VJ3V. The power supply switch circuit 46 is arranged so that the output of 
this buffer circuit 50 is supplied to a-PMQ -an NMOS transistor Q6 connecting 
the power supply line of the inverter composed of the transistors Q3 and Q4 
and a power supply line of 34V13V. Accordingly, when the logical level of 
the control signal STB rises by the normal operation mode, the power supply 
switching circuit 46 holds the transistor Q6 in an off-state to cut off the power 
supply line of the inverter composed of the transistors Q3 and Q4 from the 
power supply line of and on the other hand, when the logical level of 

the control signal STB falls by the deep standby mode, the transistor Q6 is 
set to an on-state so as to connect the power supply line of the inverter 
composed of the transistors Q3 and Q4 to the power supply line of 

These allow the power supply switching circuit 46 to switch the power 
supply voltage of the buffer circuit by the transistors Q3, Q4 between in the 
normal operation state and in the deep standby mode, based on the control 
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signal STB. 

According to the output of the inverter 48, the level setting circuit 47 
performs on-off control over a PMOS an NMOS transistor Q8 disposed 
between the output line of the transistors Q1 and Q2 and the power supply 
line of 64V16V, so that in the normal operation mode, the transistor Q8 is set 
to an off-state to supply the output of the inverter composed of the transistors 
Q1 and Q2 to the inverter composed of the transistor Q3 and Q4 and switch 
the polarity of the generated reference voltage in the reference voltage 
generating circuit 31 so as to correspond to the line inversion. In contrast, in 
the deep standby mode, the transistor Q8 is set to an on-state to hold the 
input of the inverter composed of the transistors Q3 and Q4 at the L level, 
and when the power supply line of voltage 6-fVJ6V completely falls to G-fVJOV, 
the both-terminal potential of the resistance block 8 in the reference voltage 
generating circuit 31 is held at Q4V10V, and further, through-currents in the 
switch circuits 32 and 33 are prevented. 

Fig. 7 is a time chart showing transition from the deep standby mode 
to the normal operation mode in contrast to Fig. 6. 

According to the foregoing, in this liquid crystal display apparatus 11, 
the power supply voltage of 6- M6V and the power supply voltage of 34VJ3V 
compose a first power supply voltage and a second power supply voltage 
lower than this first power supply voltage, respectively, and in the drive 
circuits relating to the digital-analog conversion processing of the gradation 
data D1, the timing generating circuit 19 constitutes a first circuit block 
operating by the first power supply voltage, and the reference voltage 
generating circuit 31 constitutes a second circuit block that processes the 
processing results by this first circuit block and operates by the second power 
supply voltage. 

Furthermore, the switch circuits 32A, 32B or the switch circuits 33A, 
33B of the reference voltage generating circuit 31 receive the input of one 
processing result of the first circuit block and constitute active elements 
performing on-off operation complementarily, and the level setting circuit 47 
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of the buffer circuit 41 A or 41 B constitutes a level setting circuit that sets the 
level of the processing result, which is the buffer circuit output, so as to hold 
the output of the above-described active elements at a predetermined level 
by the fall of the first power supply voltage. 

Furthermore, in the buffer circuit 41 A, the inverter composed of the 
transistors Q1 and Q2 constitutes a first inverter which operates by the first 
power supply and outputs the processing result, the inverter composed of the 
transistors Q3 and Q4 constitutes a second inverter outputting the output of 
the first inverter to the reference voltage generating circuit 31 , which is the 
second circuit block, and the power supply switching circuit 46 constitutes a 
power supply switching circuit switching the power supply voltage of the 
second inverter from the first power supply voltage to the second power 
supply voltage by the fall of the first power voltage. 

Fig. 8 is a block diagram showing the CS drive circuit 23 together 
with its peripheral configuration. In the CS drive circuit 23, according to the 
switching signals outputted from the timing generating circuit 19, the potential 
of a CS line CS is switched between 34VJ3V and Q-{V]0y every horizontal 
scanning period. More specifically, the CS drive circuit 23 is, similar to the 
reference voltage generating circuit 31, provided with a switch circuit 60 
composed of switch circuits 60A and 60B composed of a PMOS transistor 
and an NMOS transistor that are complementarily switched between on-and 
off-states, and a switch circuit 61 composed of switch circuits 61 A and 61 B 
composed of a PMOS transistor and an NMOS transistor similarly, and the 
output of these switch circuits 60, 61 is outputted to the CS lines CS. 

Corresponding to the configuration of this CS drive circuit 23, in the 
timing generating circuit 19, buffer circuits 63, 64 having the same 
configuration as described above in reference to Fig. 5 allow the switching 
signals of the switch circuits 60, 61 to be outputted. Accordingly, in this 
liquid crystal display apparatus 11, the CS drive circuit 23 is also arranged to 
prevent through-currents in the switch circuits 60, 61 and to hold the potential 
of the CS line CS at O-p/JOV when a power supply line of a voltage §-P*q6V 
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completely falls to Q-{V}0V. 

Fig. 9 is a block diagram showing the VCOM drive circuit 24 together 
with a peripheral configuration. In the VCOM drive circuit 24, the switching 
signals outputted from the timing generating circuit 19 also switch the 
potential of a VCOM line VCOM between 3-fVJ3V and 0-EVJOV every 
horizontal scanning period. More specifically, the VCOM drive circuit 24 is, 
similar to the reference voltage generating circuit 31, provided with a switch 
circuit 65 composed of switch circuits 65A and 65B composed of a PMOS 
transistor and an NMOS transistor that are complementarily switched 
between on-and off-states, and a switch circuit 66 composed of switch 
circuits 66A and 66B composed of a PMOS transistor and an NMOS 
transistor similarly, and the output of these switch circuits 65, 66 is outputted 
to the VCOM lines VCOM. 

Corresponding to the configuration of this VCOM drive circuit 24, in 
the timing generating circuit 19, buffer circuits 67, 68 having the same 
configuration as described above in reference to Fig. 5 allow the switching 
signals of the switch circuits 65, 66 to be outputted. Accordingly, in this 
liquid crystal display apparatus 11, the VCOM drive circuit 24 is also arranged 
to prevent through-currents in the switch circuits 65, 66 and to hold the 
potential of the VCOM line VCOM at 0-p/JOV when a power supply line of a 
voltage 6-fV}6V completely falls to Q- MOV . 

According to the foregoing, in the liquid crystal display apparatus 11, 
in the drive circuits relating to the precharge processing, the timing 
generating circuit 19 constitutes a first circuit block operating by the first 
power supply voltage, and the CS drive circuit 23 and the VCOM drive circuit 
24 each constitute a second circuit block processing the processing results 
by this first circuit block and operating by the second power supply voltage. 

(2) Operation of Embodiment 

In the above-described configuration, in this liquid crystal display 
apparatus 11 (Fig. 3), the gradation data D1 instructing the gradation of the 
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respective pixels is inputted from the controller relating to drawing or the like 
in the order of raster scanning, and this gradation data D1 is sequentially 
sampled by the shift register 20 in the horizontal drive circuit 17 to be 
collected on a line basis and transferred to the digital-analog conversion 
circuit 21. The gradation data D1 is converted to an analog signal by the 
digital-analog conversion processing in this digital-analog conversion circuit 
21, and this analog signal drives the respective signal lines LS of the display 
unit 16. Accordingly, in the liquid crystal display apparatus 11, the 
respective pixels of the display unit 16 sequentially selected by the control of 
the gate lines LG by the vertical drive circuit 18 are driven by the horizontal 
drive circuit 17 to display an image according to the gradation data D1 on the 
display unit 16. 

In the horizontal drive circuit 17 driving the signal lines LS of the 
display unit 16 in this manner (Fig. 4), the generated reference voltage is 
resistively divided by the resistance block 8 in the reference voltage 
generating circuit 31 to generate the reference voltages V1 to V30 
corresponding to the respective gradations of the gradation data D1 , and in 
the reference voltage selectors 35, these reference voltages V1 to V30 are 
selected according to the respective pieces of gradation data D1. 
Accordingly, the gradation data D1 is subjected to the digital-analog 
conversion processing and this digital-analog conversion processing result is 
supplied to the signal lines LS via the buffer circuit unit 22. 

In such digital-analog conversion processing, in the liquid-crystal 
display apparatus 11, the switch circuits 32, 33 switches the output voltage 
complementarily according to the output of the timing generating circuit 19, 
so that the polarity of the applied voltage to the resistance block 8 is switched 
every horizontal scanning cycle, by which the polarity of the generated 
reference voltage is switched every horizontal scanning cycle. Furthermore, 
in the CS drive circuit 23 and the VCOM drive circuit 24 (Figs. 8 and 9), 
similarly, the output voltages are switched complementarily by the switch 
circuits 60, 61 and the switch circuits 65, 66 according to the output of the 
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timing generating circuit 19, so that the electrode potential of the storage 
capacitors 14 and the electrode potential of the liquid crystal cells 12 are 
switched to predetermined potentials every horizontal scanning, respectively. 
Accordingly, in the liquid crystal display apparatus 11, the display unit 16 is 
driven by so-called line inversion, and precharge processing is executed 
corresponding to this line inversion and the respective liquid crystal cells 12 
are prevented from deteriorating. 

In the liquid crystal display apparatus 11, the power supply of 3-f¥J3V 
is inputted by the external input, and in the DC-DC converter 25, the power 
supplies of §-j¥}6V and - 3 fV 1 3V are generated from this power supply by 
external input. In the liquid crystal display apparatus 11 , the timing 
generating circuit 19 operates at high speed by the voltage §-{V}6V to 
generate timing signals of the respective blocks, while the reference voltage 
generating circuit 31, the CS drive circuit 23, and the VCOM drive circuit 24, 
which receive the input of the timing signals which are processing results of 
this timing generating circuit 19, operate by the power supply of 
thereby reducing the whole power consumption. 

In the liquid crystal display apparatus 11, in the reference voltage 
generating circuit 31 , the CS drive circuit 23, and the VCOM drive circuit 24 
which receive the input of such timing signals from the timing generating 
circuit 19, the respective switch circuits 32, 33, 60, 61, 65, 66 are composed 
of the switch circuits 32A, 33A, 60A, 61 A, 65A, 66A composed of PMOS 
transistors and the switch circuits 32B, 33B, 60B, 61 B, 65B, 66B composed 
of NMOS transistors, which are active elements performing on-off operation 
complementarily, and each of the active elements receives the input of one 
control signal. Thus, whichever level the level of the output from the timing 
generating circuit 19 is, in the respective switch circuits 32, 33, 60, 61, 65, 66, 
a case where the respective active elements are simultaneously in an 
on-state can be surely prevented. 

Thus, in the liquid crystal display apparatus 11, even when the 
operation of the DC-DC converter 25 is completely stopped to stop the power 
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supply to the circuit block of the power supply voltage §-fV}6V, 
through-currents can be prevented from occurring in the interface between 
the circuit block of the power supply voltage 6-fV}6V and the circuit block of 
the power supply voltage 34VJ3V. Accordingly, in the liquid crystal display 
apparatus 11, when the switching of the operation to the deep standby mode 
is instructed by the upper controller, the DC-DC converter 25 completely 
stops the operation to stop the power supply to the timing generating circuit 
19 which is a circuit block of the power supply voltage §-[V}6V, which further 
reduces the power consumption as compared with the conventional art. 
More specifically, as in the conventional deep standby mode, when the power 
supply of 6- M6V is made to fall to 3~{V}3y, leak current by the power supply 
voltage 3~f¥}3V still continues to flow through the circuit block of the power 
supply voltage 6-M6V, while in this liquid crystal display apparatus 11, the 
power supply of 64V ^6V is made to fall completely, which can prevent such 
leak current and further reduce the power consumption as compared with the 
conventional art. 

However, in this manner, although the through-currents in the 
respective switch circuits 32, 33, 60, 61, 65, 66 can be prevented, there 
occurs a case where the output potentials of the respective switch circuits 32, 
33, 60, 61 , 65, 66 rise, by which there arises the possibility that unintended 
display is displayed on the display unit 16 and further that in the deep 
standby mode, a degree of electric field may continue to be applied to the 
liquid crystal cells 12 and the storage capacitors 14. 

Therefore, in the liquid crystal display apparatus 11 (Fig. 5), in the 
buffer circuits 41 A, 41 B, 63, 64, 67, 68, of the timing generating circuit 
outputting the switching signals of these switch circuits 32, 33, 60, 61, 65, 66, 
the output levels of the buffer circuits 41 A, 41 B, 63, 64, 67, 68 are set by the 
level setting circuit 47 so that the output levels of these switch circuits 32, 33, 
60, 61, 65, 66 become predetermined levels. As a presumption of such 
level setting by the level setting circuit 47, as to the inverter at the last stage, 
the power supply for operation is switched by the fall of the power supply 
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voltage of 6-fVJ6V by the power supply switching circuit 46. 

More specifically, in the buffer circuits 41 A, 41 B, 63, 64, 67, 68, the 
switching signals are outputted to the respective switch circuits 32, 33, 60, 61, 
65, 66 via the inverter composed of the transistors Q1 and Q2 and the 
inverter composed of the transistors Q3 and Q4 in order, so that the inverter 
composed of the transistors Q1 and Q2 operates by the power supply 
voltage 64V16V, while the inverter composed of the transistors Q3 and Q4 is 
connected to the power supplies of 6-M6V and 3-fV}3\/ via the transistors Q5 
and Q6, respectively. 

In the buffer circuits 41 A, 41 B, 63, 64, 67, 68, in the normal operation 
state, these transistors Q5 and Q6 are held in an on-state and an off-states, 
respectively, so that the inverter composed of the transistors Q3 and Q4 
operates by the power supply voltage 64V16V in this case and outputs the 
switching signals to the respective switch circuits 32, 33, 60, 61, 65, 66. In 
contrast, in the deep standby mode, the transistors Q5 and Q6 switch the 
operation to an off-state and to an on-state, respectively, so that in the 
inverter composed of the transistors Q1 and Q2 at the previous stage, the 
operation is stopped by the fall of the power supply of 6-{VJ6V, while in the 
inverter composed of the transistors Q3 and Q4 at the last stage, the power 
supply voltage is switched to 3-M3V and the operation state is held. 

In this state, in the inverter composed of the transistors Q3 and Q4, 
the input level is held at 0 level by the setting by the transistor Q8, and as a 
result, the output of the switch circuits 32, 33, 60, 61, 65, 66 is held at 0 level. 
Thus, in the liquid crystal display apparatus 11, various adverse effects due 
to the fall of the power supply voltage, such as unintended display on the 
display unit 16 and continued application of a degree of electric field to the 
liquid crystal cells 12 and the storage capacitors 14, can be effectively 
avoided. 

(3) Effects of Embodiment 

According to the above-described configuration, the processing 
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results from the circuit block on the side of the higher power supply voltage 
are inputted into the side of the lower power supply voltage through the 
active elements performing on-off operation complementarily and by the fall 
of the power supply voltage on this higher side, the output of the active 
elements is set to a predetermined level, so that in the deep standby mode, 
the power consumption can be further reduced. 

More specifically, the circuit block on the side of this lower power 
supply voltage is the reference voltage generating circuit that generates a 
plurality of reference voltages by resistively dividing the generated reference 
voltage by the resistance block and is the reference voltage selector that 
selectively outputs the plurality of reference voltages according to the 
gradation data indicating the gradation of the pixels. The active elements 
performing on-off operation complementarily are active elements of the 
switch circuits that switch the polarity of the generated reference voltage by 
supplying the output to the resistance block and switching the terminal 
voltage of the resistance block by one processing result. Therefore, for 
example, as to the digital-analog conversion processing relating to line 
inversion, the power consumption in the deep standby mode can be further 
reduced. 

Furthermore, the circuit block on the side of the lower power supply 
voltage is the drive circuit that switches the electrode potential of the storage 
capacitors each provided in a pixel, and the active elements performing 
on-off operation complementarily are active elements which switch the 
electrode potential of these storage capacitors. Therefore, as to the 
switching of the electrode potential of the storage capacitors, the power 
consumption in the deep standby mode can be further reduced. 

Furthermore, the circuit block on the side of the lower power supply 
voltage is the drive circuit that switches the electrode potential of the liquid 
crystal cells, and the active elements performing on-off operation 
complementarily are active elements which switch the electrode potential of 
these liquid crystal cells. Therefore, as to switching of the electrode 
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potential of the liquid crystal cells, the power consumption in the deep 
standby mode can be further reduced. 

Furthermore, the circuit block on the side of the higher power supply 
voltage relating to the drive of these active elements is provided with the first 
inverter which operates by the first power supply voltage of §-M6V to output 
the first processing results, the second inverter which outputs the output of 
the first inverter to the second circuit block, and the power supply switching 
circuit 46 which, by the fall of the first power supply voltage, switches the 
power supply voltage of the second inverter from the first power supply 
voltage to the second power supply voltage which is S-fV teV . Further, the 
input level of the second inverter is set by the level setting circuit 47 to hold 
the output of the active elements at a predetermined level, so that the output 
level of the active elements can be set variously not to cause various 
inconveniences in the circuit blocks at the latter stage, which can prevent 
various inconveniences and reduce the power consumption. 

Producing the above-described first power supply voltage in the 
DC-DC converter which is a built-in power supply circuit can simplify the 
external configuration of the liquid crystal display apparatus. 

(4) Other Embodiments 

In the above-described embodiment, in the buffer circuits, the case 
where the power supply voltage of the inverter at the last stage is switched to 
3-M3V and this inverter input is set by the level setting circuit is described. 
However, the present invention is not limited to this, and for example, various 
techniques such as a case where the level of this inverter output is directly 
set by the level setting circuit can be applied as level setting methods. 

Furthermore, in the above-described embodiment, the case where 
the operation is performed by §-fV}6V and 34V J3V is described, the present 
invention is not limited to this, but can be widely applied to a case where the 
operation by power supply voltages of a plurality of systems is performed. 

Furthermore, in the above-described embodiment, in the liquid crystal 
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display apparatus, although the case where the processing results from the 
circuit block of the different power supply voltage in the circuits blocks 
relating to the digital-analog conversion processing and the precharge 
processingare inputted and processed is described. However, the present 
invention is not limited to this and can be widely applied, for example, to a 
case where in the shift register circuit or the like, the gradation data is 
transmitted and received between circuit blocks of different power supply 
voltages, or the like. 

Furthermore, in the above-described embodiment, although the case 
where the present invention is applied to the flat display apparatus composed 
of the TFT liquid crystal in which the display unit and the like are formed on 
the glass substrate is described. However, the present invention is not 
limited to this and can be widely applied to various types of a flat display 
apparatus such as various types of liquid crystal display apparatus including 
a CGS (Continuous Grain Silicon) liquid crystal or the like and further an EL 
(Electro Luminescence) display apparatus. Furthermore, the present 
invention is not limited to such flat display apparatus, but can be widely 
applied to various integrated circuits composed of TFT or the like. 

INDUSTRIAL APPLICABILITY 

The present invention can be applied, for example, to a liquid crystal 
display apparatus in which drive circuit is formed integrally on an insulating 
substrate. 
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